There are no standardized criteria for measuring patients' frailty. We examined prognosis based on four frailty markers [serum albumin level, grip strength, gait speed, and clinical frailty scale (CFS)] in patients who underwent transcatheter aortic valve replacement (TAVR) between October 2013 and April 2016 and were recorded in the Optimized CathEter vAlvular iNtervention (OCEAN) Japanese multicenter registry. Serum albumin level was assessed by dividing patients into two groups: hypoalbuminemia or non-hypoalbuminemia according to their serum albumin level. Clinical outcomes including all-cause, cardiovascular and noncardiovascular mortality rates after TAVR were compared. During the follow-up period cumulative all-cause, cardiovascular and non-cardiovascular mortality rates were significantly higher in the hypoalbuminemia group than in the non-hypoalbuminemia group. This result remained unchanged even after a propensitymatched model was used in terms of cumulative all-cause and non-cardiovascular mortality; however, differences in cardiovascular mortality rates were attenuated. To consider the impact of grip strength patients were divided into a low or high peak grip strength group based on classification and regression tree (CART) survival analysis. The clinical outcomes for each sex were compared between the two groups. In both sexes the cumulative 1-year mortality rates were significantly different between the two groups. To investigate gait speed patients were classified into two gait speed groups (low or high gait speed group) based on CART survival analysis. Clinical outcomes were compared between the two groups. The cumulative 1-year mortality rate was significantly different between the two gait speed groups. The effect of CFS on prognosis after TAVR was assessed. Patients were categorized into five groups based on the following CFS scores: CFS1-3, CFS4, CFS5, CFS6, and CFS ≥7. We evaluated the relationship between the CFS score and other indicators of frailty markers. We also assessed the mid-term mortality among the five groups. The CFS score had a significant correlation with other frailty markers. The cumulative 1-year mortality increased with an increasing CFS score. In the Cox regression multivariable analysis, the CFS score was an independent predictive factor of an increased late cumulative mortality risk. In conclusion, the results suggest that serum albumin level, grip strength, gait speed, and CFS score are all useful indicators when considering the optimal indications and risk stratification for TAVR.
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Perspective

Introduction
The 2017 American Heart Association (AHA)/American College of Cardiology (ACC) guideline for valvular heart disease (VHD) gives a class I recommendation for the indication of transcatheter aortic valve replacement (TAVR) in patients with severe aortic stenosis (AS) for whom surgical aortic valve replacement (SAVR) was considered a high risk (1) . It is thought that this recommendation may increase the number of patients who will undergo TAVR. However, most patients with severe AS who are considered high risk for SAVR are of advanced aged. When examining the prognosis of such a cohort, it is necessary to evaluate patient frailty in addition to surgical risk scores (2) . In the 2014 AHA/ACC guideline for VHD, the Katz index and gait speed have been recommended as good assessment tools of patient frailty (3), although there are no standardized criteria for measuring patient frailty. Recently, several studies on a cohort of patients who underwent TAVR reported that patient frailty is strongly associated with long-term prognosis (4, 5) . However, all these studies were performed in a small number of patients at a single center. Further investigations using a multicenter registry are required.
We [the Optimized CathEter vAlvular iNtervention (OCEAN)-SHD group] examined prognosis based on the serum albumin level, grip strength, gait speed, and clinical frailty scale (CFS) score in patients who underwent TAVR between October 2013 and April 2016 using the OCEAN-TAVI registry as a multicenter study of a high-volume center of TAVR in Japan.
Serum albumin
We evaluated the serum albumin level for predicting prognosis after TAVR. The recently updated Valve Academic Research Consortium (VARC)-2 highlighted the importance of frailty, including the serum albumin level (6) . According to these criteria, a serum albumin level less than 3.5 g/dL is a new risk factor reflecting frailty, which may be associated with a worse prognosis.
We divided 1,215 patients from nine centers undergoing TAVR into two groups according to their serum albumin levels: patients with hypoalbuminemia (hALB group, albumin level <3.5 g/dL) or patients without hypoalbuminemia (nhALB group, albumin level ≥3.5 g/dL). Baseline characteristics and clinical outcomes, including all-cause, cardiovascular, and noncardiovascular mortality rates after TAVR, were compared between the two groups. There were differences between the hALB and nhALB groups in terms of age, body characteristics, the prevalence of New York Heart Association (NYHA) class III or IV, liver disease, estimated glomerular filtration rate, hemoglobin level, and left ventricular ejection fraction. An evaluation of preoperative risk factors showed significant differences in the logistic European System for Cardiac Operative Risk Evaluation (logistic EuroSCORE) and Society of Thoracic Surgeons Predictive Risk of Mortality risk (STS) score. Moreover, there were differences between the hALB and nhALB groups in terms of liver disease, estimated glomerular filtration rate, and the presence of a malignant tumor, which may affect the serum albumin level. Therefore, propensityscore matching was selected as a method to provide a valid comparison between the hALB and nhALB groups. After propensity-score matching, baseline patient characteristics in the two matching models were closely adjusted, except for the serum albumin level.
Kaplan-Meier curves showed significantly increased allcause, cardiovascular, and non-cardiovascular mortality rates in the hALB group compared to those in the nhALB group. The analysis after propensity-score matching revealed that the poorer prognosis of the hALB group in terms of cumulative all-cause and non-cardiovascular mortality remained. However, differences in cardiovascular mortality rates between the two groups were attenuated.
The results of this study demonstrated that the preprocedural serum albumin concentration could be a useful marker for risk stratification before TAVR (7).
Grip strength
We analyzed dominant-hand grip strength as a clinical Ann Cardiothorac Surg 2017;6(5):532-537 www.annalscts.com prognostic indicator after TAVR. The dominant-hand grip strength is a simple marker that reflects frailty associated with incremental risks for late mortality (8) (9) (10) (11) .
Of 1,215 patients from nine centers, we initially excluded 241 patients with missing grip strength data. As a result, the remaining 927 patients were included in this study population. The classification and regression tree (CART) analysis (an empirical and statistical method used to create the decision rules based on data rather than speculation and to make the risk stratification model) identified the optimal thresholds of peak grip strength for each sex (12) . We divided patients into two risk groups (the low and high peak grip groups) according to the aforementioned cutoff values. Thereafter, baseline characteristics and all-cause mortality, cardiovascular mortality, and non-cardiovascular mortality rates were compared between the two groups for each sex.
There were statistical differences in age, sex, body characteristics, the prevalence of NYHA class III or IV, B-type natriuretic peptide value (BNP), and other comorbidities. The logistic-EuroSCORE, EuroSCORE II, and STS score were higher in the low peak grip groups, regardless of sex differences. The Kaplan-Meier curves showed significant differences in each group in terms of all-cause mortality. Among men, the cumulative 1-year mortality rate was significantly higher in the low peak grip group than in the high peak grip group. Among women, a higher cumulative 1-year mortality rate was found in the low grip strength group than in the high grip strength group. Kaplan-Meier curves indicated no significant increased cardiovascular mortality rates between the two groups. However, non-cardiovascular mortality rates indicated significant differences between the two groups in both sexes.
The results of the current study demonstrated that peak grip strength was a useful marker for predicting all-cause mortality following TAVR, particularly with non-cardiac deaths (13).
Gait speed
Gait speed was evaluated. It has been previously proven that gait speed is important as a frailty marker relevant to cardiovascular surgery, including TAVR (2).
Our study enrolled 1,613 patients from 14 institutions. Initially, we excluded 262 patients with missing data. The final sample included the remaining 1,256 patients. Patients were divided two risk groups (low and high gait speed groups) of gait speed classification according to the cutoff values obtained from the CART analysis. Baseline characteristics, procedural outcomes, and all-cause, cardiovascular, and non-cardiovascular mortality rates were compared among the four groups. Statistically significant differences were found between the groups for age, sex, the prevalence of NYHA class III or IV, and other comorbidities. As a result, preoperative risk scores such as the Logistic EuroSCORE, EuroSCORE II, and STS score were higher in patients with low gait speed. The procedure time was significantly different between two groups. The approach route was also significantly different between the two groups, with the rate for the nontransfemoral approach higher in low gait speed group. In addition, significant group differences were found for the length of hospital stay, VARC-2 defined acute kidney injury and life-threatening or disabling bleeding. The 30-day mortality rates were not statistically different among the groups.
The Kaplan-Meier curves demonstrated significant difference between two groups in terms of all-cause mortality and non-cardiovascular mortality. However, Kaplan-Meier curves indicated no significant increase in cardiovascular mortality rates between the two gait speed groups.
Our results demonstrated that gait speed is useful as a potential marker for predicting vulnerable patients associated with advanced clinical outcomes following TAVR (14) .
Clinical frailty score
We assessed the clinical frailty score as a marker/substitute for general patient activity. The CFS is a simple tool for assessing patient's frailty and has been shown to be correlated with mortality in elderly patients even when evaluated by non-geriatricians (15,16).
We analyzed data for 1,215 consecutive patients with symptomatic severe AS who underwent TAVR and were available from the OCEAN-TAVI registry. All CFS scores were calculated during face-to-face assessments with patients and families to determine the baseline frailty status before TAVR. The CFS score ranged from 1 (very fit) to 9 (terminally ill). Detailed CFS criteria are presented in Table 1 . The CFS scores were categorized into five groups as follows: non-frail (CFS 1-3), vulnerable (CFS 4), mildly frail (CFS 5), moderately frail (CFS 6), and severely frail (CFS ≥7). We assessed the differences between in baseline characteristics, clinical outcomes including early and midterm mortality among the five groups. Additional frailty factors including albumin level, body mass index (BMI), gait speed (m/sec-calculated on a 15-foot or 5-m walk) and mean grip strength (kg) were evaluated. Univariate Cox regression analysis was performed to obtain the hazard ratio for late mortality during the follow-up period. Multivariable analysis was performed using the baseline clinical characteristics and other variables to examine their independent associations with late mortality.
Among the five study groups, significant differences were observed in the mean age, sex, height, weight, BMI, Logistic EuroSCORE, and STS score. A significant finding was that serum albumin and hemoglobin levels were lowest in the severely frail group. The associations between each of the four components of frailty and CFS score differed significantly among the five groups. Moreover, we identified significant correlations between the CFS score and BMI, albumin level, gait speed, and mean grip strength. The 30-day mortality and in-hospital mortality rates were not significantly different among the groups. However, the CFS score increment was significantly associated with an increasing risk of 30-day mortality. Kaplan-Meier analysis of the cumulative 1-year mortality rates slightly increased across the CFS1-3, CFS 4, CFS 5, and CFS 6 groups, and a significant increase was observed in patients with CFS ≥7 compared with all other groups. Cox regression analysis models examining the association between late mortality, CFS score and other frailty markers demonstrated such markers were significantly associated with an increasing risk of late cumulative mortality. These results were not attenuated-even after adjustment for multiple confounding factors in the Cox regression multivariable analysis.
Although the CFS grading tool is disadvantageous by its semi-quantitative classification, our study identified a positive correlation between the CFS score and several other indicators of frailty defined by the VARC-2 criteria (6). As a result, the CFS is a useful predictor of short-term and mid-term mortality in patients who undergo TAVR (17) .
Conclusions
On the basis of the results of our study, we reconfirmed the importance and clinical use of frailty markers in a large number of patients from a multicenter registry. The summary of frailty tools and 1-year cumulative mortality, which we discussed in this paper, is presented in Figure 1 . Aside from the four aforementioned frailty items, there are several other frailty markers, such as anemia and BMI However, it is difficult to decide which frailty item should be used. In the future, it would be beneficial if a frailty risk model was created using these markers. Until the creation of such a model, the CFS score seems to be one of the best frailty markers for predicting patients' prognosis after TAVR. Categorization by CFS score is simple to do for any condition, and the CFS score significantly correlates with other frailty markers. To identify suitable TAVR candidates, frailty markers, as aforementioned, will positively affect their clinical care and improve post-procedural outcomes.
